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CHAPTER 3 
 
 
SINGLE-STAGE SPLICING LANGUAGE 
  
 
3.1 INTRODUCTION 
 
 First and foremost, a non semi-null splicing system that will be used throughout this 
study is introduced. Besides that, some concepts of single-stage splicing language applying 
on non semi-null splicing system are given throughout this chapter since when all the 
restriction enzymes, dsDNA strings and ligases take place simultaneously in a single buffer 
can optimize the time and money during an experiment with minimum difference in the 
resulted strings generated. The productions of Y-G splicing system, namely splicing 
language involving at most two non-palindromic strings and two palindromic rules are 
predicted based on the theorems formulated.  
 
3.2 NON SEMI-NULL SPLICING SYSTEM 
  
 The scope of research for this thesis is restricted to non semi-null splicing system 
since in semi-null splicing system where a rule has left or right null context can produce 
splicing language consisting of two recognition sites. Besides, blunt ended rules that 
involved in a semi-null splicing system are not within the research scope. Furthermore, a 
rule having a single letter as a crossing site rarely exists in reality. Hence, non semi-null 
splicing system is investigated in this study. Since Y-G splicing system is used throughout 
the research, semi-null splicing system from Definition 2.4 is redefined in Y-G notation as 
follows: 
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Definition 3.1: (Yusof, 2012) Semi-Null Splicing System 
Let ( , , )S A I R  be a Y-G splicing system in which I and R are finite and every rule in R
has the form ( ,1,1: ,1,1),  (1, , :1, , ) or ( , ,1: , ,1)u v w u w v u w v w  where ,  and u v w are in .A  
Thus, ( , , )S A I R  is a semi-null splicing system. □ 
 
 Consequently, from Definition 3.1, if a Y-G splicing system ( , , )S A I R  is not in 
the form of semi-null splicing system, that splicing system is called a non semi-null 
splicing system.  
 
 Recombinant dsDNA molecules are a sequence of molecules that does not exist in 
nature which has been formed by laboratory methods. Many laboratory experiments have 
been conducted to verify the model of splicing system in either one stage or two stages. In 
a splicing system with one cutting site, there is minimal difference in between resulted 
molecules generated from one stage and two stages. Thus, in the next section, single-stage 
splicing language is introduced to save time and cost.  
 
3.3 THE CONCEPT OF SINGLE-STAGE SPLICING LANGUAGE 
 
 The behaviour of recombinant DNA suggests that suppose there is a finite set of 
DNA molecules and a finite set of restriction enzymes where DNA molecules and 
restriction enzymes that are given or produced are always obtainable. Instead of running 
the laboratory experiment stage by stage, what are the molecules that can potentially appear 
by letting all DNA molecules, restriction enzymes and ligases act simultaneously in a test-
tube environment in order to save cost and money? Hence, in this section, the existing 
definition of splicing language introduced by Head (1987) is further defined specifically as 
single-stage splicing language to model the set of all molecule types that arise with 
restriction enzymes, dsDNAstrings and ligases all act in a single buffer. 
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Definition 3.2: Single-stage Splicing Language 
Let ( , , )S A I R  be a Y-G splicing system, where A  is a set of alphabets ,  ,  a g c and t , I  
is a set of initial strings and R  is a set of rules, then a single-stage splicing language 
1 1( )L L S can be expressed as follows: 
 
                      1 1
( ) { + | 1 ,  1 ,  ,  1,2,3,..., }p qL L S R I p n q n p q n                           
(3.1) 
 
where { }p pR r represents a set of rules and { }q qI s represents a set of initial strings. □ 
 
From Eq. (3.1), if 1 or 1,p q   then 1 1{ }R r and 1 1{ }.I I  Meanwhile, if
2 or 2,p q   then 2 1 2{ , }R r r  and 2 1 2{ , }.I I I  
The same goes to  or ,p n q n   where 
we have 1 2{ , ,..., }n nR r r r and 1 2{ , ,..., }.n nI I I I  Despite the number of  and ,p q  single-
stage splicing language is the output of splicing system consisting of all DNA molecules 
with the action of all restriction enzymes in one single buffer. 
 
Fong (2008) has conducted a wet-lab experiment by using AciI and HpaII in two 
stages. In the experiment, PCR generates thousand copies of     strands, I. OneTaq GC 
Reaction Buffer and OneTaq Standard Reaction Buffer are chosen to be used as the 
reaction buffer for DNA strands based on the percentage of G and C bases in the forward 
and reverse primer. The molecules for this experiment resulting from both stages areas 
follows: 
 
' ',
CCGC
GGCG
 
 
 
              
 '
' ,
CCGG
GGCC
 
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 
               
'
'
GCGC
CGCG
 
 
 
 
 
Next, an example is presented on this wet splicing system in single-stage Y-G splicing 
system to show that single-stage splicing system can produce the same splicing language as 
two stages splicing system.  
 
 
 
